Abstract. Based on cellular automaton traffic BML model, one-dimensional traffic Fukui-Ishibashi(FI)model is extended to urban traffic network. The two-dimensional FI model is proposed. Under the conditions of periodic boundary, the relationship of the average speed and the density of the traffic as well as the fundamental diagram of the traffic for size of traffic network and the maximum speed of the vehicle are obtained by simulation. The result shows that the maximum speed has a great impact on traffic congestion under different size of traffic networks, and reveals transition from free flow to local jamming and fully jamming with the increase of density. The transition point to induce traffic congestion is decreased when the maximum velocity increases in the same lattice. The corresponding patterns of traffic in several states confirm these research results further.
Introduction
The rapid growth of social economy depends on the highly developed transportation. At the same time, the society and environment have seriously affected by the traffic jamming problems. Therefore, more and more scientists or researchers in different fields have been devoting to study the traffic flow since the last century 50s. Many complicated phenomena observed in the real traffic jamming have aroused a lot of people's great attentions [1] . To study all kinds of phenomena caused by the traffic jams, methods of modeling and computer simulation are used in recent years [2] [3] . For the whole city, the simulation of the traffic flow is a very formidable task due to including a lot of complex factors such as the road conditions, intersection and so on [4] .
The system of traffic flow is an asymmetric exclusion system and many traffic flow models are put forward [5] . One of the most famous traffic models is the cellular automata model (CA model), and the NaSch model is a typical one-dimensional CA model of traffic flow, which was put forward by Nagel and Schreckenberg in 1992 [6] . Due to its simple modelling and easy parallel calculation, the cellular automaton traffic model is very good to reproduce the actual traffic phenomena and effectively simulate the movement of vehicles in traffic as well as describe all kinds of traffic factors [1] [2] [3] . On the basis of the NaSch model, many improved traffic flow models Such as T-STCA model, TT and FI model, etc. are proposed [1] [2] [3] 7, 11] . For one dimensional FI model, the vehicle speed of the next step was determined through headway of vehicle ahead, and the analytical solution of one dimensional FI model was derived [12] , and its energy dissipation of traffic flow also can be discussed [13] . For the traffic network in urban, O.Biham, A.A.Middleton and D.Levine first put forward the two-dimensional cellular automaton traffic model called BML model in 1992. The urban traffic network is described with a two dimensional square lattice with size . The vehicles along two different directions are stochastically distributed at initial time, and then evolve according to the evolution of simple rules. The traffic congestion in urban can be simulated. In the year of 1993, Cuesta [5] et al. have proposed the improved BML model via introducing turn of the vehicle. Pecr [8] et al. firstly found that driver violating the traffic rules is the important reason of causing congestion in the urban traffic network by the introduction of game in BML model. In more recent years, Ding [9] et al. studied that the random update rule on the BML model has influence on traffic jamming, and presented the corresponding average field analytical solution. Xie [10] et al. studied the relationship of the speed and the density in the BML model by using the method of local traffic information for dynamic control. Kuang [14] et al. studied the effect of slow start has influence on the extend BML model with four directions of traffic flow.
In this paper, the two-dimensional FI model by extending on-dimensional FI model on traffic network is proposed based on the idea of BML model. We attempt to obtain the relationship of the average speed, the density and the flow of traffic and discuss congestion problem on the traffic network by simulation.
Two-Dimensional CA FI Model
In a two-dimensional cellular automaton BML model, the urban traffic network was described with a two-dimensional square lattice of size . L is the length of each side on square lattice. There are two kinds of vehicle in the BML model, those who can only move advance towards north or east respectively. Two types of vehicles are uniformly distributed with equal probability ρ/2 on a two-dimensional periodic square lattice. Since there are traffic lights on every intersection, eastbound and northbound vehicles take turns to move one step forward. Normally, eastbound vehicle are arranged to move on even steps. Thus, state of each site is dominated by an eastbound, northbound vehicle and empty. Based on BML model, a one-dimensional cellular automata FI model is extended to the one in two-dimensional discrete lattice. A site may be occupied by a vehicle with the maximum V m or not at a certain moment. A vehicle in the position at time t is represented by . The eastbound vehicle moves towards the right direction in every odd time step. When there is a vehicle to occupy a grid in the nearest neighbor coordinate of in front of it, . Analogously, a northbound vehicle moves towards the north direction in every even time step. The gap of its the nearest neighbor vehicle in front is . Then all of the vehicles update its state according to the following evolution rule similarity to FI model. Where Vm is the maximum speed of the vehicle be allowed to move. Every vehicle speed can be in the range of 0 and Vm, and p is delay probability.
At the beginning of the computer simulation, the vehicles are distributed at random on square lattice with size . The total density of the vehicles is
is the number of the eastbound, northbound vehicle vehicles,repectively. The density of the eastbound (northbound) vehicles is
The speed of each vehicle is determined by the evolutional rules in every time step.The average speed V of vehicle is calculated by the two odd and even time step:
() is the speed of the i vehicle in any time step. To study the traffic jamming on the network, it can dimensionlessly simulate under the size of network as well as the different maximum speed Vm=1,3,5,7 and 9 using the deterministic CA FI model with the probability p=0.0. The simulation is carried out after the relaxation time Tc = 10000 and the total simulation time is T=2×104. Each average quantity is obtained via 30 running, and the periodic boundary condition is adopted. Fig. 1(a) shows that the relationship of the average speed v and the density p in the different maximum speed of vehicle V m =1, 3, 5, 7 and 9. From Fig.1(a) , it can see that the average speed of 446 vehicle on traffic network is equal to the maximum allowed speed of vehicle in small density. For example, when the maximum allowed speed of vehicle is V m =9 and density is less than 0.075, the average speed of vehicle on traffic network is V m =9. That is to say, traffic of low-density on network is not in congestion. There is no traffic jam in interval of the density  [0.0, 0.30] when the maximum allowed speed of vehicle is V m =1, which is similar to the model in [9] . When the density exceeds 0.3 and the average V of vehicle decrease, it implies that vehicle starts to reduce its velocity due to other vehicle in front. For the maximum allowed speed of vehicle V m =9, vehicles reduce their velocity in the range of the density and That is to say, local traffic congestion occurs, which can be illustrated by the pattern of traffic in Fig.2(a) . For other maximum allowed speed of vehicle like V m =3, 5 and 7, the trend of local traffic congestion is same in the middle density of vehicle. Finally, the traffic on network trends to fully jamming in high density. Fig.1(b) shows that the relationship of the flow and the density in the different maximum allowed speeds. When the density increases to a certain value, the flow of traffic begins to increase and reach the peak. When the density exceeds the certain critical value, the flow is decreased with the increasing of density, and finally trends to the zero. 
Simulation And Analysis

Conclusion
In this paper, the deterministic two-dimensional cellular automata FI model is proposed based on the BML model of traffic network. The influences of the different flow and the maximum speed on the traffic jam are studied by numerical simulation under the periodic boundary conditions. The result shows that the maximum speed has a great impact on traffic congestion under different size of traffic networks, and reveals transition from free flow to local jamming and fully jamming with the increase of density. Under the condition of the identical lattice, the transition point to cause traffic congestion is decreased when the maximum velocity increases. The corresponding patterns of traffic in several states confirm these research results further.
